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PROCESS FOR MAKING 1,2,4-TRIAZOLO[4,
3-A][1,3,5]TRIAZINE-3,5,7-TRIAMINE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of
America for governmental purposes without payment of any
royalties thereon or therefor.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention pertains to the field of synthesis of
precursor chemicals for energetic ingredients and more
particularly to synthesis of a triazolotriazinetriamine precur-
sor for ingredients in propellants, explosives, pyrotechnics,
gas generators, pharmaceuticals, and azo dyes.

2. Brief Description of the Prior Art

Current methods that purport to synthesize 1,2,4-triazolo
[4,3-a][1,3,5]triazine-3,5,7-triamine all involve heating
dicyandiamide and hydrazine dihydrochloride at elevated
temperatures (100 degrees C. or higher) for significant
amounts of time in order to condense the dicyandiamide.
This method was described by Kaiser et al. in a paper
published in the Journal of Organic Chemistry, Vol. 18,
1953, page 1610.

Using this synthesis method theoretically provides for two
possible isomeric structures of triazolotriazinetriamine (see
I and II below). The first structure is the [4,3-a]
triazolotriazinetriamine, pictured below as I. The second
structure is the [1,5-a] triazolotriazinetriamine, pictured
below as II. The product by Kaiser et al., resulting from the
method above, was assigned the structure of I based upon
degradation/oxidation studies of the product. However,
these types of studies provide for a large degree of uncer-
tainty as to structure.

Recently, product derived from the above process was
tested using X-ray diffraction, an extremely reliable
technique, and, rather than the expected product I as origi-
nally reported, it was found that the actual structure of the
product was that of II. These findings were presented at the
American Chemical Society annual meeting in August of
2000.

The commercial product based upon the above method,
sold under the names 3,5,7-triamino-s-triazolo[4,3 -a]-s-
triazine or 3,5,7-triamino-1,2,4-triazolo[4,3-a]-1,3,5-
triazine, has also been tested via X-ray diffraction and found
to be the structure of II. Because of the above error, prior to
the present invention, there is, therefore, no known process
of synthesizing product I.
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The effects of the structural difference between these two
products on the chemical and physical properties are of
interest in any application of monotriazolotriazine ring sys-
tems. Of particular interest for energetic uses of these
products would be the energy release in detonation, which
correlates to the density of the materials. An analysis of
densities and potential energy releases of the products
reveals that the product I has a higher potential energy
release value than product II that is significant in defense
related energetic systems. The product II has also been
investigated for use in the dye industry as a chromophore
coupled to anthraquinones and indoles, and, therefore, prod-
uct I should have similar potential uses.

Due to the discovery that the chemical sold as product I
is actually product II, and the chemical and physical prop-
erties of the two products are significant for many uses, it
would be desirable to provide a process for synthesis of
product 1.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to provide a
process to synthesize a 1,2,4-triazolo[4,3-a][1,3,5 |triazine-
3,5,7-triamine, acid salt.

It is a further object of this invention to provide a process
to synthesize 1,2,4-triazolo[4,3-a][1,3,5]triazine-3,5,7-
triamine.

This invention accomplishes these objectives and other
needs related to synthesis of chemical precursors for ener-
getic ingredients by providing a process to make 1,2,4-
triazolo[4,3-a][1,3,5]triazine-3,5,7-triamine comprising the
steps of dissolving 2,4-diamino-6-hydrazino-s-triazine with
an acid, mixing the dissolved 2,4-diamino-6-hydrazino-s-
triazine with a reagent of the formula RCN, wherein R
comprises a leaving group, removing acid salt crystals from
the solution, and, neutralizing the acid salt crystals by
mixing with a substance more basic than 1,2,4-triazolo[4,3-
a][1,3,5]triazine-3,5,7-triamine.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention is a process for making a 1,2,4-
triazolo[4,3-a][1,3,5]triazine-3,5,7-triamine, acid salt and a
process for neutralizing the acid salt to make 1,2,4-triazolo
[4,3-a][1,3,5]triazine-3,5,7-triamine. 1,2,4-triazolo[4,3-a][ 1,
3,5]triazine-3,5,7-triamine can be used as a precursor for
ingredients in propellants, explosives, pyrotechnics, gas
generators, pharmaceuticals, and azo dyes. The general
process involves ring closure of 2,4-diamino-6-hydrazino-
s-triazine with an acid and a chemical of the general formula
RCN where the R comprises a leaving group, and then
neutralizing said acid. Because the hydrazine nitrogen atoms
that form the triazole ring are already in place on the
2,4-diamino-6-hydrazino-s-triazine, the final product
formed is the desired [4,3-a] isomer, rather than the [1,5-a]
isomer produced by the conventional dicyandiamide/
hydrazine dihydrochloride methods. The general formulas
for the process are set forth below:
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wherein the R comprises a leaving group.

More specifically, first, the invention comprises a process
for the preparation of 1,2,4-triazolo[4,3-a][1,3,5]triazine-3,
5,7-triamine, acid salt. In order to practice the present
invention, one must first obtain or synthesize 2,4-diamino-
6-hydrazino-s-triazine. One method for synthesizing this
chemical is set forth in U.S. Pat. No. 3,061,605 by D’ Alelio.
The general method is to effect a reaction between 2,4-
diamino-6-chloro-1,3,5-triazine and hydrazine. A specific
example is set forth in column 3, lines 60-70 of the above
patent and are hereby incorporated by reference. While this
particular method of synthesizing 2,4-diamino-6-hydrazino-
s-triazine is specifically disclosed, any prior art method of
synthesis would be appropriate to practice the present inven-
tion.

The first step in the present invention comprises dissolv-
ing the 2,4-diamino-6-hydrazino-s-triazine with an acid.
This step is preferably carried out at room temperature with
an acid that is of sufficient strength to dissolve the 2,4-
diamino-6-hydrazino-s-triazine. Many acids can be
employed in the present invention, such as sulfuric acid or
hydrochloric acid or mixtures of these acids with other
solvents such as methanol or ethanol, and may be selected
by one skilled in the art. One preferred acid is 1N hydro-
chloric acid.

The second step comprises mixing the dissolved 2,4-
diamino-6-hydrazino-s-triazine with a reagent of the for-
mula RCN, wherein R comprises a leaving group. This
reaction will provide the amino triazole ring on the product
directly. A leaving group, as used in this application, is a
group that can be displaced to give ring closure; that is,
produces the amino triazole ring. One preferred leaving
group comprises bromine wherein the reagent comprises
cyanogen bromide. Although the reaction in this step is acid
catalyzed, preferred reaction times range from about twenty
hours to about thirty hours in order to allow for the maxi-
mum formation of acid salt crystals. It is also preferred that
the acid salt crystals be removed after the reaction is
substantially complete, approximately thirty hours, to pro-
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hibit contamination of the final product with impurities. The
crystals may be removed by any normal method, such as
filtration, and can then be washed and dried in order to
obtain the final acid salt product.

The present invention also comprises a process to take the
1,2,4-triazolo[4,3-a][1,3,5 Jtriazine-3,5,7-triamine, acid salt
synthesized above, and neutralize the acid salt crystals in
order to obtain a final product of 1,2,4-triazolo[4,3-a][1,3,
Sltriazine-3,5,7-triamine. This process involves the steps
described above as well as the following steps.

First, the acid salt crystals are removed from the solution
synthesized above. Then, the acid salt crystals are neutral-
ized by mixing them with a substance more basic than
1,2,4-triazolo[4,3-a][1,3,5 Jtriazine-3,5,7-triamine. This step
results in the removal of the acid from the above reaction
and provides for a final product of 1,2,4-triazolo[4,3-a][1,
3,5]triazine-3,5,7-triamine. The substance used in this final
step may be selected by one skilled in the art based upon the
basicity of the substance versus the basicity of 1,2,4-triazolo
[4,3-a]1,3,5]triazine-3,5,7-triamine. Some examples are
potassium carbonate, potassium acetate, sodium
bicarbonate, and sodium hydroxide. One preferred sub-
stance is potassium carbonate. It is also preferred that the
reaction take place in solution, so preferably, water or some
other solvent may be added to the salt.

The general nature of the invention having been set forth,
the following examples are presented as specific illustrations
thereof. It will be understood that the invention is not limited
to these specific examples, but can be practiced with various
modifications that will be recognized by one of ordinary
skill in the art.

EXAMPLE 1

Preparation of 1,2,4-triazolo [4,3-a][1,3,5 Jtriazine-3,
5,7-triamine, hydrochloric salt hydrate

To 126 g of 1 N hydrochloric acid stirred at 25° C. was
added 9.06 g (0.0570 mole) of 2,4-diamino-6-hydrazino-s-
triazine [prepared according to G. F. D’alelio, U.S. Pat. No.
3,061,605 (1962)]. The mixture was stirred for 10 minutes,
at which time nearly all of the 2,4-diamino-6-hydrazino-s-
triazine had dissolved. Cyanogen bromide (9.3 g, 0.0877
mole) was added at one time and, after 5 minutes, all of the
material was in solution. After about 1 hour, crystals began
to precipitate. After 3 hours, stirring was stopped and the
mixture was allowed to stand for an additional 24 hours to
continue precipitation of crystals. The crystals were
removed by filtration and washed with 2x25 ml cold water.
The crystals were air dried and then dried in a vacuum
desiccator over Drierite to give 8.60 g (68.4% yield) of
product.

IR(KBr): 3300, 3155, 1708, 1695, 1624, 1534, 1490,
1444, 1339, 1173, 1073, 979, 845, 772 cm™".

Anal. Caled for C,H{N(HCI) (H,0): C, 21.77; H, 4.11;
N, 50.79; Cl, 16.07. Found: C, 21.84; H, 4.25; N, 50.02; Cl,
16.02.

EXAMPLE 2

Preparation of 1,2,4-triazolo[4,3-a][1,3,5 Jtriazine-3,
5,7-triamine

To 6.86 g (0.031 mole) of 1,2,4-triazolo[4,3-a]1,3,5]
triazine-3,5,7-triamine, hydrochloric salt hydrate stirred in
175 ml of water was added 4.40 g (0.031 mole) of potassium
carbonate and the mixture was stirred vigorously for 40
minutes. The solid was removed by filtration, washed with
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water, and dried to give 4.83 g (94%) of 1,2,4-triazolo[4,3-
a][1,3,5]triazine-3,5,7-triamine. *C NMR(CD,CO,D/D,0,
131 by vol): 145.7, 151.1, 151.9, 164.0. '*C NMR(D,SO,):
133.6, 141.9, 143.1, 149.5. IR(KBr):3413, 3314, 3096,
1654, 1611, 1540, 1480, 1430, 1375, 979, 859, 770 cm™".

Anal. Caled for C,HNg: C, 28.92; H, 3.64; N, 67.44.
Found: C, 28.64; H, 3.65; N, 66.08.

EXAMPLE 3

Preparation of 1,2,4-triazolo[4,3-a]1,3,5]triazine-3,
5,7-triamine, hydrochloric salt hydrate

To 0.31 g (0.003 mole) of 37% hydrochloric acid in water
(4 ml) and methanol (21 ml) stirred at 25° C. was added 0.42
g (0.003 mole) of 2,4-diamino-6-hydrazino-s-triazine
[prepared according to G. F. D’alelio, U.S. Pat. No. 3,061,
605 (1962)]. Cyanogen bromide (0.32 g, 0.003 mole) was
then added at one time. The solution was held at 77-80° C.
for 3 hours, before it was cooled to 25° C. and a small
amount of solid was removed by filtration. The volatiles
were removed from the filtrate to give 0.60 g of solid that
was mainly 1,2,4-triazolo[4,3-a][1,3,5]triazine-3,5,7-
triamine, hydrochloric salt hydrate by TLC and IR analyses.

What is described are specific examples of many possible
variations on the same invention and are not intended in a
limiting sense. The claimed invention can be practiced using
other variations not specifically described above.

What is claimed is:

1. A process for the preparation of 1,2,4-triazolo[4,3-a]1,
3,5]triazine-3,5,7-triamine, acid salt, comprising the steps
of:

dissolving 2,4-diamino-6-hydrazino-s-triazine with an

acid; and,

mixing the dissolved 2,4-diamino-6-hydrazino-s-triazine

with a reagent of the formula RCN, wherein R com-
prises a leaving group.

2. The process of claim 1, wherein R comprises bromine.

3. The process of claim 2, wherein the acid comprises
hydrochloric acid.

4. The process of claim 3, wherein the mixing step further
comprises allowing the solution so formed to stand for from
about twenty hours to about thirty hours for the precipitation
of crystals.
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5. The process of claim 3, further comprising the step of
removing the crystals from the solution so formed after
about thirty hours of standing time.

6. The process of claim 5, wherein the hydrochloric acid
comprises a strength of approximately 1N.

7. A process for the preparation of 1,2,4-triazolo[4,3-a]
[1,3,5]triazine-3,5,7-triamine, comprising the steps of:

dissolving 2,4-diamino-6-hydrazino-s-triazine with an

acid;

mixing the dissolved 2,4-diamino-6-hydrazino-s-triazine

with a reagent of the formula RCN, wherein R com-
prises a leaving group;

removing acid salt crystals; and,

neutralizing the acid salt crystals by mixing with a sub-

stance more basic than 1,2,4-triazolo[4,3-a]1,3,5]
triazine-3,5,7-triamine.

8. The process of claim 7, wherein R comprises bromine.

9. The process of claim 8, wherein the acid comprises
hydrochloric acid.

10. The process of claim 9, wherein the mixing step
further comprises allowing the solution so formed to stand
for from about twenty hours to about thirty hours for the
precipitation of crystals.

11. The process of claim 9, further comprising the step of
removing the crystals from the solution so formed after
about thirty hours of standing time.

12. The process of claim 11, wherein the substance
comprises potassium carbonate and water.

13. The process of claim 12, wherein the hydrochloric
acid comprises a strength of approximately 1N.

14. A triazolotriazine product formed by the process of:

dissolving 2,4-diamino-6-hydrazino-s-triazine with an

acid;

mixing the dissolved 2,4-diamino-6-hydrazino-s-triazine

with a reagent of the formula RCN, wherein R com-
prises a leaving group; and,

removing acid salt crystals; and,
neutralizing the acid salt crystals by mixing with a base.
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